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Executive Summary
This project started with an inequitable health problem and mismatched solutions in developing 
countries. Maternal health inequality still remains an unfinished significant problem within and 
between countries. In 2015, approximately 99% (302,000) of maternal deaths occurred in developing 
countries. Moreover, many mothers in developing countries experience bad health conditions after 
pregnancy.  
Morocco is a country located in the region of North Africa, and its most critical problem is economic 
and regional inequality. Due to these inequalities, maternal health in Morocco is even worse than in 
Bangladesh and Iraq, which have similar economic states. Many trials have been executed for improving 
maternal health, but mismatched problem solving and many limitations around healthcare 
environment have interrupted it. Therefore, the aim of this project is to understand the actual 
problems behind maternal health problems in Morocco and construct a design that will provide a 
real impact.  
To achieve this objective, field research in Morocco was conducted for two weeks (July 13–26th, 2016). 
I conducted five in-depth interviews with people in various positions related to maternal health. Two 
observations were conducted in a health center and a public hospital to study the medical environment 
available to pregnant woman, and I also had the chance to study the living environment of the 
Moroccan people.  
After gathering all the data from the field research, I organized it as problems that were commented on 
in the interviews or observed and then started the analysis. Every problem either caused or was affected 
by other problems, which provided a problem network. Networks were grouped as 15 problem chains, 
including reactions to emergency situations, missing proper timing of treatment and quality of care 
as the final problems of the problem chains. Among the problem chains, I tried to determine the 
problem that would be most affected by a design solution. As a result, “missing the proper time of 
treatment” was decided upon as the most adaptable problem to solve in this project.  
Because most sub-problems in this problem chain are connected with the issue of maternal education, 
this project’s direction was to develop maternal education materials. First, I identified the specific 
context and environment of Morocco that was connected to maternal education. A high illiteracy rate 
for women, language differences within the country and limited consultation times were determined to 
be important factors.  
Therefore, to make material accessible for every pregnant woman in Morocco, it needs to contain 
certain specifications like voice and visual information, essential content, and so on. Based on this 
consideration, a new concept was generated that integrates a pregnancy diary and sound book. The 
pregnancy diary contains various content related to the mother’s and baby’s health. However, most of 
this content is written, so if the information is delivered as it is in a child’s sound book, more pregnant 
women in Morocco will have access to necessary content.  
Therefore, this material consists of two main parts. One part is an audio device that conveys 
information, and the second is a pregnancy guidebook. When a woman has questions or complications, 
she can check the contents of the guidebook by placing it on the device and pushing the icon for each 
illustration. However, pregnancy is only 40 weeks long, so this material is useful for only a certain 
amount of time. Therefore, this material has a certain service flow that health workers supply at the 
woman’s first consultation, and woman will return it after delivery. Then, other pregnant women can 
use it for their pregnancies. The language setting of the device changes depending on each woman’s 
language, and the guidebook also is in the 3 languages that are used in Morocco. 
The exterior design displays general images of Morocco, and an obstetric doctor advised on the 
composition of the content. The prototype’s progress occurred in 3 parts: a functional board fabrication, 
a book, and an exterior. As a result, a functional prototype was completed. 
The evaluation was performed by obtaining opinions from various people related to maternal health. 
There are also some limitations on this project, and it can be further developed. Based on these 
reflections, the maternal education material called “Sonore” is expected to positively impact Moroccan 
maternal health.  
 
Keywords: Product design, Design for developing country, Maternal health 
i 
Table of Contents 
 
1 Introduction  2?
1.1 Motivation  2?
1.2?Background  2?
1.3 Project objectives  3?
1.4 Report structure  3?
2 Problem exploration  5?
2.1 Background research  5?
2.2 Field research  7?
3 Problem Definition  16?
3.1 Problem analysis  16?
3.2 Defining design problem statement  20?
4 Concept development  22?
4.1 Design requirements  22?
4.2 Concept generation  24?
5 Implementation  29?
5.1 Hardware and guidebook implementation  29?
5.2 Prototyping  32?
5.3 Evaluation  35?
6 Discussion  39?
6.1 Discussion points  39?
6.2 Limitations  40?
7 Conclusion  42?
7.1 Project summary  42?
7.2 Expected contribution  42?
7.3 Future works  42?
 
References     44 
Appendices     46 
Summary in Korean     60  
Acknowledgement     61  
ii 
Tables 
Table 1 Example of problem list ................................................................................................................................................................. 19 
Table 2 Finding most influential problem .............................................................................................................................................. 20 
Table 3 Define requirements and specification following specific problems .......................................................................... 24 
Table 4 Function and design elements .................................................................................................................................................. 26 
Table 5 Check expected effect ...................................................................................................................................................................37?
 Figures 
Figure 1 Causes of maternal death .............................................................................................................................................................. 5 
Figure 2 Unequal health service between poorest and riches quintiles ....................................................................................... 7 
Figure 3 Typical town of Morocco .............................................................................................................................................................. 8 
Figure 4 Interview with health workers .................................................................................................................................................... 11 
Figure 5 External building and internal space of Temara health center ....................................................................................... 11 
Figure 6 Various equipment are piled up one side of storage space (Left) and Old bed (Right) .....................................12 
Figure 7 Checking blood pressure of pregnant woman with analogue gauge .........................................................................12 
Figure 8 Broken medical device(Left) and unpacked medical device(Right) ...........................................................................13 
Figure 9 All the materials they use for pregnant women’s consultation ....................................................................................13 
Figure 10 High coverage of mobile phone(Left), Opposite direction of switch(Right) ........................................................ 14 
Figure 11 Principle of NetMiner .................................................................................................................................................................... 19 
Figure 12 Problem chain from network analysis .................................................................................................................................. 19 
Figure 13 Various kind of sound material for kids .............................................................................................................................. 25 
Figure 14 Using scenario ............................................................................................................................................................................... 27 
Figure 15 Hardware sketch .......................................................................................................................................................................... 29 
Figure 16 Image board .................................................................................................................................................................................. 30 
Figure 17 Pregnancy diary for Korean pregnant woman ................................................................................................................. 30 
Figure 18 Contents of pregnancy guidebook .........................................................................................................................................31 
Figure 19 Basic information filling up page .............................................................................................................................................31 
Figure 20 Disassemble existing product ................................................................................................................................................32 
Figure 21 PCB for functional prototype .................................................................................................................................................. 33 
Figure 22 Printing workshop (Left) and sewing binding (Right) ................................................................................................. 33 
Figure 23 Final book prototype ................................................................................................................................................................ 34 
Figure 24 3D CAD modeling ...................................................................................................................................................................... 34 
Figure 26 Final prototype............................................................................................................................................................................ 35 
Figure 25 Exterior prototyping ................................................................................................................................................................. 35 
Figure 27 Using scene of material with Mongolian woman ............................................................................................................ 36?
 1 
1 
Introduction 
1.1 Background   
1.2 Project objectives     
1.3 Report structure 
  
 2 
1 
Introduction 
1.1 Motivation 
When I studied biomedical engineering as an undergraduate, I had the chance to visit a 
medical facility in Indonesia. This environment was worse than what I had seen in my country, 
and I thought these circumstances originated from not only the low resources a developing 
country has but also an uneven distribution of technology. I decided then to study medical 
devices and environments with respect to providing appropriate and proper technology for 
people who cannot obtain minimal health services. I also saw many people with a similar 
mission attempt to solve problems with a design approach. This is why I started to study 
design at UNIST. Over 2 years of a creative design engineering course, I learned the design 
process and how to adapt it to real practice. Based on these experiences in my master 
graduation project, I proceeded with a design project related to the issue of maternal health, 
which is one of the most unfair health problems in the world. 
1.2 Background 
In 2000, the United Nations (UN) set millennium development goals (MDGs) with a 
deadline of 2015, which included a target for the global maternal mortality ratio to decline by 
75%. However, the target was not met (the decline was only 44%), and last year, the MDGs 
ended; a post-2015 agenda, comprising 17 sustainable development goals (SDGs) took their 
place. This agenda includes improving maternal health again (Tobergte & Curtis, 2013), so 
regardless of the many actions to reduce maternal mortality, improving maternal health still 
remains a critical point for global health. Eight hundred women still die each day from largely 
preventable causes before, during, and after giving birth. Ninety-nine percent of these 
preventable maternal deaths occur in low- and middle-income countries. Within countries, the 
risk of death is disproportionately high among the most vulnerable segments of society (World 
Health Organization, 2015). Even worse, maternal mortality is just tip of the iceberg. For 
every birth, another 20 to 30 women suffer from maternal morbidity – health problems occur 
during pregnancy and the postpartum period. Not surprisingly, the risk of maternal morbidity 
– like that of maternal mortality – is estimated to be highest in low- and middle-income 
countries, especially among the poorest women (Say, 2013). 
Many efforts to improve this situation have been made by developing devices or equipment for 
targeted areas. However, recipients can hardly manage and maintain these devices, which 
causes the devices to remain broken or unused. Although various factors affect this, the WHO 
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and many researchers emphasize that misconception of context in these target areas is one of 
the most important factor. Therefore, product design and development for developing 
countries increasingly requires the consideration of contextual factors and recipients’ actual 
needs (Donaldson, Viola, & Blank, 2016). 
Morocco, which was selected as a target country, is located in North Africa and has had 
noticeable improvement in its average economic, social, and health conditions of its 
population after 50 years of independence. They also have a multidimensional culture because 
they are affected by European, African, and Middle Eastern cultures. However, the 
improvement is uneven and unequally shared by groups from different regions and levels of 
wealth. “Social inequalities and health inequities have persisted or even worsened, as indicated 
by a large urban-rural disparity, discrepancies between developed and less developed regions, 
and unacceptable gaps between the rich and poor” (Abdesslam, 2011). This situation also 
applies to maternal and women’s health. Particularly, Moroccan women have more constraints 
to obtaining health care. Hence, many solutions are necessary for improving maternal health in 
Morocco.  
1.3 Project objectives 
For a long time, in many developing countries, non-governmental organizations (NGOs), and 
other official development assistance (ODA) organizations have attempted to improve each 
country’s maternal health conditions. Morocco is one of these cases. However, there have been 
many environmental limitations until now, and sometimes, due to a problem-centered 
approach, many solutions are mismatched with their recipients. 
As such, I set three project objectives: 
1) understanding the actual problems behind maternal health problems in Morocco, 
2) identifying design problems that I can handle or address to improve maternal health 
with a design intervention, and 
3) developing a design solution and providing actual outcomes to provide an actual 
impact on maternal health in Morocco. 
1.4 Report structure 
Along with the project sequences, the report starts with a problem exploration that includes 
background and field research. In the problem definition, I define the most critical problem 
and a design solution approach to that problem through data analysis. Next, in the design and 
development section, I prescribe design requirements and a concept and then implement that 
concept throughout the prototyping process. Lastly, in the discussion and conclusion chapter, 
I evaluate my design results and reflect on further development.  
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2 
Problem exploration 
This chapter explains the procedure of how I came to this specific design topic. First, I started 
with the issue of maternal health in developing countries, which is quite a large problem to 
cover. Then, I had the chance to hear about related cases and decided to find an organization 
with which I could cooperate. I then set the target country as Morocco and did field research 
for two weeks. During my field research, I heard five different stakeholders’ stories and 
observed the actual medical environment in which pregnant Moroccan women are treated.  
2.1 Background research 
Globally, the main causes of maternal death are hemorrhage, hypertensive disorders, sepsis, and 
abortion. These problems can be easily prevented through initial diagnosis and treatment. 
However most health facilities in developing countries have poor medical settings for early 
diagnosis and treatment. Other circumstances such as transportation infrastructure, women’s 
social status, and women’s level of education can also make the situation worse. As a result, 
various obstacles exist for safe births. Many mothers in developing countries are far from 
receiving the benefits of essential care for maternal health (Tobergte & Curtis, 2013). 
 
 
Maternal health conditions have been a serious problem for a long time, and many solutions 
have been proposed. However, more attention is still required for people isolated from 
receiving the minimum regarding health services. For effective intervention, each country 
should plan a context-specific solution after identifying the causes of maternal death and 
Figure 1 Causes of maternal death
Tobergte, D. R., & Curtis, S. (2013) 
HEALTH IN 2015: From MDGs to SDGs; 
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maternal morbidity, the capacity of the health system, and the human and financial resources 
available (World Health Organization, 2015) 
For case studies, I tried to find someone in Korea who has experienced volunteering for 
maternal health improvement in developing countries and found two. One is a member of 
Freemed and he led a maternal health program in Kenya for two years. I met him and 
conducted a short interview during which he shared his experiences. He went to Kenya six 
times and performed various work, from supplying delivery and antenatal diagnostic tool kits 
to running an education program and ambulance cart. He emphasized concentrating on a 
specific area because even when people outside of a target country make an effort to 
understand the context and environment, they still think like volunteers. For example, the 
mothers in Kenya could not understand the instructions for the delivery kit with regard to the 
meaning of the illustrations and colors. 
I also spoke with an obstetric doctor who had worked in Nepal, India, for over 10 years. She 
also did volunteer work focusing on what the population really needed.  
Based on these interviews and a literature review, I decided to target one country for an 
effective solution with a real impact. 
Finding target country 
I then began to look for companies and organizations related to maternal health improvement 
with local branches. I found one NGO called Globalcare. They were the first international 
medical NGO in Korea. Their main job is urgent care for countries damaged by natural 
disasters, and they run a public health program through 10 international branches. Specifically, 
in the Moroccan branch, they began maternal health program this year. I contacted them 
through their website and a phone call, and a representative of the organization, the Moroccan 
branch manager, allowed me to visit for my field research. Thus, I chose Morocco as my target 
country and began studying its specific conditions.      
Problem of Morocco 
Morocco is a typical country experiencing extreme health inequality problems. Over 33% of 
the population cannot afford medical care, and this number reaches 44% in rural areas. The 
percentage of the budget that households devote to health care in the poorest quintile is twice 
that of the richest quintile. The number of inhabitants per one doctor or health center is also 
abnormally high in rural areas, which means poor populations or those living in rural areas live 
far away from basic health care (Abdesslam, 2011). This affects maternal health conditions. 
When compared to other countries with similar economic standards like Iraq and Bangladesh, 
important indicators for maternal health are significantly different between the poorest and 
richest quintile (Figure 2). (Bryce & Harris, 2008). Moreover, the economic gap and other 
multidimensional reasons hinder Moroccan mothers from having the minimum quality of care. 
Bouchra Assarag et al. (2015) referred to this in their study with near-miss cases in Morocco. 
The WHO defined “near-miss” as “any woman who nearly died but survived a complication 
during pregnancy, childbirth, or within 42 days of the termination of pregnancy because she 
received care in health facilities” (Say, Souza, & Pattinson, 2009). Bouchra Assarag et al 
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recruited approximately 300 women; 80 cases were near-misses, and others constituted the 
control group. When researchers compared the near-miss and control groups, the 
sociodemographic characteristics were significantly different. The illiteracy rate and proportion 
belonging to the poorest quintile were much higher in the near-miss group. Other important 
factors, including the time from the nearest health facility and quality of care, were also worse 
in the near-miss group.   
 
Bouchra Assarag et al explained this circumstance with the 3-delay model. These delays extend 
from obstetric complications to adaptable treatment (Thaddeus & Maine, 1994). The first 
delay occurs due to women’s social status and gender inequality, which prevent mothers from 
visiting maternal health services promptly. The second delay to accessing care is a lack of 
transportation. This causes women in rural areas to have low accessibility to essential antenatal 
care and delivery at a safe facility. For example, only 62% of women in rural regions receive 
prenatal care, while 91% of women in urban area receive it. The third delay involves 
professional responsibilities, inadequate equipment, and insufficient human resources. Even if 
women arrive to the facility, they cannot obtain adequate medical care. Some procedures 
require professional skill, which is sometimes not accessible and can thus be dangerous for 
mothers who need these procedures. 
This low quality of care is the leading cause of maternal morbidity and mortality. To solve this 
problem, multilateral consideration is needed. 
2.2 Field research 
Morocco has two types of public health facilities in every region: a health center and public 
hospital. Health centers only provide diagnosis and consultation, whereas hospitals deal with 
Figure 2 Unequal health service between poorest and riches quintiles 
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general medical activity from pregnancies to delivery. Interestingly, there are few gynecologists 
at Moroccan hospitals. Thus, well-trained midwives directly assist with deliveries at every 
hospital but do not work at the health centers. Nurses work in the health centers and hospitals. 
Their job includes basic diagnosis and consultation, but they are not involved in assisting with 
delivery. Another thing that is unique to Morocco is that many international volunteers from 
developed countries are devoted to improving the Moroccan health care situation. Most have 
prior professional experience in medicine in their home countries. 
Based on this understanding, I conducted a field research including five in-depth interviews 
and two observations in Morocco for two weeks from July 13–26, 2016. This work was in 
collaboration with Globalcare International.. 
Interview 
I identified five interviewees who directly or indirectly were related to maternal health in 
Morocco. They included a woman who was one month pregnant, a midwife from a hospital, a 
nurse from a health center, and two international volunteers: a former Korean doctor working 
in a medical NGO for the improvement of both general and maternal health in Morocco for 
four years and a former Japanese midwife from JICA (the Japan International Cooperation 
Agency) who has run a health service project in Morocco for two years. She was a midwife in 
Japan, so she has studied the Moroccan maternal health situation closely.  
I composed questions and interviewed each person about the living situation and health care 
environment for pregnant women and problems related to maternal health. I asked the nurse 
and the midwife additional questions about medical devices and difficulties caring for pregnant 
women. These were semi-structured interviews that also involved questionnaires.(Appendix 1)  
The average interview time was approximately 30–40 minutes per person. I interviewed 
Korean NGO workers in Korean and foreign workers in English. Due to the language barrier 
Figure 3 Typical town of Morocco
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with one respondent, the Moroccan pregnant woman, a Moroccan worker helped translate my 
questions in English and her responses in Arabic. 
The summaries of the interviews and important quotes from the interviewees follow. 
? Nurse from the health center 
The nurse is in charge of maternal health at the health center in Temara (a suburban area of the 
capital city of Rabat). Every Tuesday is a consultation day for pregnant women there, so she 
does basic check-ups for them. She said difficulties involve the age of the equipment, a lack of 
material, and mothers not attending consultations.  
“We help her. She(Pregnant woman) has lots of questions.” 
“We don’t have any other material to have test.” 
“but it(electric device) is uncomfortable. It lost the time.” 
“We had 2 to 3 in the past but it(weight scale) was broken down. Now we just have one.” 
? Woman who was one month pregnant 
The pregnant woman also lives in the suburbs of the capital city. She was only one month 
pregnant but had visited the hospital many times because she worried about her and her baby’s 
health condition and distrusted the health center close to where she lived. She said once when 
she visited there, the facilities were so poor that she decided not to go there any longer. 
However, when she went to the hospital, which was one hour away from her by bus, the 
hospital was so crowded that she had to wait 2–3 hours. Once, she waited for a few hours but 
was not able to obtain a consultation. Another day, she went again and had a consultation, but 
it was too short to her to get enough information. She received one paper about her health 
condition, but it was in French so she could not understand it.  
“I want to go to hospital all the time, not CS because I think in hospital there are a lot 
of doctors (It means you feel kind of comfortable…) Yes in the hospital” 
“And when I arrived there, there are a lot of patients. I have to wait a lot of time….” 
“I’m very afraid about delivery and my baby. Maybe they ask me to do operation.” 
“I went 3 times (3 times already after you have baby?) yes, in a month. In my first 
visiting, I didn’t see anyone. I went several time but there was nothing” 
“I want to get a lot of information about nutrient intake, what kind of consultation I 
have to choose, and also how I live for me and my baby’s health.” 
? Branch manager of Globalcare Morocco 
The branch manager has lived in Morocco for approximately 5 years. He runs a project on 
tuberculosis with a smart pillbox and started a maternal health program with ultrasound this 
year. He explained the 3-delay model in Morocco to me and emphasized a systematic solution 
with m-health that interlocks with Morocco’s maternal and child health data system (SMI/PF).  
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“Even pregnant woman get to health center to deliver her baby, but there is no 
equipment or health worker to support it. Therefore she must to go to Rabat(capital city) 
and sometimes it causes dangerous moment”  
“In delay 2, the biggest problem is mobility. Every community has their car but it cannot 
cover all emergency situations” 
? Volunteer from JICA 
This volunteer has participated in a health service improvement program for two years with 
the Moroccan doctor. She was a midwife in Japan and therefore has had many chances to 
observe Morocco’s obstetric facilities. She said most Moroccan women prefer private over 
public hospitals for delivery because the facilities are so poor, especially in rural areas, and 
health workers are not very professional. She also mentioned mothers not attending 
consultation and home deliveries. She thinks that until the professionalism of health workers 
and mothers’ awareness change, a higher quality of devices and materials will be useless. 
“They do something but it’s not effective. For example they just pretend to measure. 
They don’t analysis the result. (They do nothing with that result)” 
“In Morocco if they have money they don’t come to CS they go to private.” 
“Also pregnant woman doesn’t come to CPN.” 
? Midwife from the public hospital 
The midwife has assisted in delivery for a few years and now only does check-ups and 
consultation of pregnant women during regular visits. The hospital she works for is supported 
by JICA, so the facilities are much better than other hospitals. However, she mentioned that 
the materials and equipment are not enough for check-ups and pregnant women’s educations. 
Additionally, she noted that rural health care lacked professionalism. Moroccan health workers 
are first sent to rural areas after training, but the environment is tough to adapt to; a few years 
later, they are relocated closer to cities. They thus do not take their work as seriously when they 
are located in the rural areas.  
“Most people they don’t know how to eat. They don’t eat fish, vegetables…we have a lot 
of woman suffer from anemia.” 
“They ask always about any problem with baby, tension, normal or not” 
“We have problems with pregnant woman in rural area. We have a lot maternal diseases 
in the rural area.” 
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During the interviews, I did not ask the questions one by one but asked a main question 
regarding each theme and let the respondents naturally speak about what they experienced 
related to the theme. The respondents’ narratives commonly included answers about related 
questions on the list. When I listened to their narratives, I had other questions that were not 
on the list. In those cases, I asked them additional questions. 
From these five in-depth interviews, I heard various difficulties involved in the issue of 
maternal health in Morocco. All stakeholders recognized that many complications exist in 
providing or getting sufficient care for pregnant woman. This was a good opportunity to see 
the diverse aspects of this problem. 
Observations 
Observations were made at a health center and a hospital. At a health center, I observed six 
cases of diagnosis and consultation of pregnant woman that a nurse performed. At the hospital, 
I mainly investigated medical facilities and observed a midwife diagnose a pregnant woman. I 
was always accompanied by Globalcare Morocco’s Korean or Moroccan workers, and health 
workers at the observation site also gave us additional information.   
The first health center was located in Temara, which is a suburb of the capital city, Rabat. 
(Figure 5) A great deal of unused equipment was stacked on one side of storage room; most 
Figure 4 Interview with health workers 
Figure 5 External building and internal space of Temara health center
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were donated devices. Even with donated equipment like the patients’ beds, due to the age of 
the beds, some pregnant women teetered on it when they stepped up. (Figure 6) 
Every Tuesday is a regular consultation day for pregnant woman at the Temara health center, 
and consultations lasted approximately 10 minutes per person. However, the women had to 
wait a long time for their consultations due to the hospital’s crowded conditions.. 
The nurse asked simple questions about the pregnant woman’s condition and then checked her 
basic measurements. If a woman was visiting for the first time, they measured her height, 
weight, length of abdomen, and blood pressure. At the next visit, they measured everything 
except height. All the equipment the nurses used were analogue. (Figure 7)
Another health center I visited was located in Belksiri, which is an inland area and is two hours 
from Rabat. I had the chance to visit two health centers in Belksiri that were very small. No 
one was there except health workers when I visited the health centers, and the nurses at those 
health centers looked quite young. Large and complex medical equipment is not used and stays 
in storage. One health center stored equipment in the cabinet without even unpacking it. 
(Figure 8) 
Figure 7 Checking blood pressure of pregnant woman with analogue gauge 
Figure 6 Various equipment are piled up one side of storage space (Left) and Old bed (Right) 
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The hospital in Belksiri is supported by JICA, so its facilities and healthcare system are quite 
well organized. At this hospital, a midwife is in charge of consultations with pregnant women, 
and this hospital has a delivery room and is open 24 hours. 
Another thing that differed from the previous health center was that every day, pregnant 
women at different stages of their pregnancies visit, and they have a class to educate mothers. 
The materials for this class are donated by JICA. They have an ultrasound device, but only one 
doctor can use it. Therefore, it is used only in special cases.  
I also visited Moroccan homes through another Globalcare project related to tuberculosis. 
They install and maintain smart pillboxes in patients’ houses. On these visits, I was able to 
observe typical features of homes in the area. For example, the switches and buttons on devices 
were in the opposite direction that they are in Korea. Additionally, everyone I met used a 3G 
mobile phone, and Morocco’s 3G coverage is better than that of other low- and middle-income 
countries. (Figure 10) 
Figure 8 All the materials they use for pregnant women’s consultation 
Figure 9 Broken medical device(Left) and unpacked medical device(Right)?
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I thus was able to obtain contextual insight from visiting medical facilities and homes that will 
be reflected in the problem definition and design requirements. My insights largely fell into 3 
categories. 1) The first involved the short consultation time for pregnant women to talk to a 
health worker. The health worker only checked basic measurements and asked essential 
questions about each woman’s condition. 2) The second concerned material and device 
maintenance in health facilities. Even if the device or material worked or was new, the health 
workers did not use them if they were uncomfortable with them or if they were inappropriate 
for their work. 3) The last concerned the detailed difference in the directions for using electric 
devices, the order or writing characters, and so on.   
Figure 10 High coverage of mobile phone(Left), Opposite direction of switch(Right) 
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3 
Problem Definition 
Design problems always have unclear answers, and there is no definite formula to approach 
them (Cross, 2005). Maternal health problems in Morocco face the same issue. Furthermore, 
every problem I found was connected with each other and interdependent, with a cause and 
effect relationship. Therefore, I listed every problem, but it was hard to find a core problem 
amongst all of them. The network analysis program NetMiner helped in this stage. Through 
this program, I was able to find a start and end point and determined the 15 problem chains. 
Afterwards, I identified what would be affected by the design approach most. Then, I decided 
on “missing proper timing of treatment” as the final problem.
3.1 Problem analysis 
Open and axial coding 
After transcribing all the interview data and sorting out the data from the observation, I did 
the problem analysis. Open coding is first stage of data analysis in the grounded theory 
method. Therefore, I marked all of the meaningful statements and coded them. With coded 
data, I categorized them with 6 categories. This is result of open coding and axial coding..
1. Information shortage  
? “Also pregnant woman doesn’t come to CPN.” (Absence of pregnant women at regular 
consultations) 
? “Once a week center invite doctor, who can do echography but not every pregnant woman 
come.” (Absence of pregnant women at regular consultations) 
? “The woman in seminar ask question, others hear about that, we give direction.” (Pregnant 
woman’s curiosity)  
? “We help her. She has lots of questions.” (Pregnant woman’s curiosity) 
? “She wants to get a lot of information what kind of eat, what kind of consultation choose, and 
also how she can live. She will keep doing that for her pregnant. And what kind of operation 
she need to be given. She wants to know she will give birth in the hospital or …Especially her 
it is difficult to get information because she has to wait for the doctor it’s very hard.” 
(Pregnant woman’s curiosity) 
? “She wants to get some information about medication. She is taking medication of TB so she 
visits and asks. If she is okay to take medication or not” (Pregnant woman’s curiosity) 
? “Most people they don’t know how to eat. They don’t eat fish, vegetables…we have a lot of 
woman suffer from anemia.” (Lack of knowledge about pregnancy) 
? “We have this problem in maternity. There is woman who don’t do analysis. And there is 
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always problems on the day of deliver.” (Absence of pregnant women at regular 
consultations)  
? “Yes (What is most frequent question from mother?) I will deliver or not? Or Caesarean. They 
ask always about any problem with baby, tension, normal or not” (Pregnant woman’s 
curiosity) 
? “they don’t know they should come to hospital. And also in Japan we had many mother classes 
for safety if there is problem you have to come. We have to teach each problem. But here no. So 
mother doesn’t notice that is problem or not.” (Lack of knowledge about pregnancy) 
2. Quality of care  
? “They do something but it’s not effective. For example they just pretend the measure. They 
don’t analysis the result. (They do nothing with that result)” (A non-professional health 
worker)  
? “So every nurse they know they have to improve. But I’m not sure how they try to the action.” 
(A non-professional health worker)  
? “The young worker is sent to countryside…Yes yes it is not good but it is. So there is some Sage 
femme who have never experienced. But she has to work by first year. (It’s very dangerous) Yes 
yes but it happens. It often happens in Morocco.” (Young workers dispatched to 
countryside experiencing difficulty in adapting in the area) 
? “I think in Morocco they need more education for worker and the mothers.” (The need for 
education on health workers) 
? “She wants to go to hospital all the time, not CS because she thinks in hospital there are a lot 
of doctors (It means she feel kind of comfortable…) Yes in the hospital. And when she is 
arrived there, there is a lot of patients. She has to wait a lo t of time….” (Long wait time)  
? “She went 3 times (3 times already after she has baby?) in a month. First time her visiting 
she didn’t see anyone. She went several time but nothing.” (Even pregnant woman 
arrive to the hospital, they don’t give enough service) 
3. Accessibility  
? “Also pregnant woman doesn’t come to CPN.” (No regular visit of pregnant women due 
to the difficulty of traveling long distance) 
? “Once a week center invite doctor, who can do echography but not every pregnant woman 
come.” (No regular visit of pregnant women due to the difficulty of traveling long 
distance) 
? “We have problems with pregnant woman in rural area. We have a lot maternal diseases in 
the rural area.” (More health problems for pregnant women living in rural areas) 
? “It’s in Temara 1 and half hr.” (Long distance to the health facility) 
? “(Then how far from here to the hospital?) 2 hrs (by what?) By bus.” (Long distance to the 
health facility) 
4. Medical device maintenance  
? “They cannot repair it.” (Inability to repair broken devices) 
? “Because first time when I heard about the project, I thought if you want to offer to the CS, 
it’s not reality.” (Difficulties in management) 
? “It depends. The hospital in province, there are many equipment which is from JICA. But I 
was surprised, there is but they don’t use.” (No use of even donated devices) 
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? “but it was broken down. Now we just have one.” (Inability to repair broken devices) 
? “We don’t use electric device. In the first we can use it but it is uncomfortable. It lost the time” 
(Feel discomfort when using electric device) 
5. Lack of material  
? “Yes, We need more material(What kind of…?) For blood pressure check, Education material. 
I don’t have any material about that” (Lack of educational material) 
? “We analyze through condition of pregnant woman’s lips and eye, bring result of laboratory 
test. Then we ask her for analysis.” (Need of analyze from external facility) 
? “when I find blood pressure problem, it’s very high I transfer her to doctor. Transcribe 
medicine or transfer to gynecology doctor. In the anemic, if the woman is pale or has spot on 
her eye and if she is very tired, it is sign of anemic.” (They check pregnant woman’s 
condition by body’s sign) 
? “we don’t have any other material to have test.” (Lack of material for the test)  
 
6. Financial Problem  
? “In Morocco if they have money they don’t come to CS they go to private.” (Health facility is 
decided by their financial conditions)  
? “She worries about work, because she wants to give a birth in clinic (it means private clinic?) 
Yes of course.(Not hospital…) If she don’t have money or like that, she can deliver in the 
hospital. (If she has money than she will go to clinic) Yes” (Health facility is decided by 
their financial conditions)  
Finding problem chains 
When doing the open and axial coding, I realized the interdependency of the problems. Not 
only were categories connected with certain relationships, but sub-problems were also 
connected, with a cause and effect relationship extending across the category. 
Then, I began a specific problem analysis to determine the design problem more closely. Below 
the problem, I listed all of the problems that caused that specific problem and marked the 
direction of the problems with an arrow. However, it was too complex to recognize the core 
problem among them and their relationship at a glance. As shown in Table 1, for example, 
“insufficient information is delivered to pregnant women” has both the characteristics of cause 
and effect. Therefore, it is hard to know its impact on the core problem when each problem is 
solved 
Furthermore, because of this complexity, it was difficult to determine the problems that could 
be solved by design. Then, I felt I needed to look at the problems more structurally. 
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Insufficient information is delivered to pregnant 
woman. 
Need to move long distance for baby delivery 
Short time of consultation? Insufficient information is delivered to pregnant 
woman??
Crowded pregnant woman in health facility?? Lack of pregnant woman education program???
Many of pregnant woman visit public health 
facility??
Insufficient maternal educational material???
Low financial resources ? ?
Table 1 Example of problem list 
Therefore, to identify data causality, I used the network analysis program NetMiner.  
NetMiner is a software tool for exploratory analysis and the visualization of network data. 
NetMiner allows people to explore network data visually and interactively and helps to detect 
underlying patterns and structures of the network (“NetMiner-Social Network Analysis 
Software,” n.d.). The network consists of a node and link. The node is the name or code of 
each object, and the link explains their relationship or interaction. Figure 11 shows how this 
program perceives and indicates data.  
With this sequence, I was able to obtain the final problem network and see the start and end 
point of each problem chain. (Figure 12)  
Figure 11 Principle of NetMiner 
Figure 12 Problem chain from network analysis 
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As a result, the networks could be grouped into 15 problem chains, and the end point of the 
networks was the final problematic results of the causes. Low quality of health care service, a 
long journey to obtain health care service, missing the proper time of treatment, and 
unprofessional reactions in emergency situations are the final problematic results of the causes.  
3.2 Defining design problem statement 
After grouping all of the problem chains, I categorized all of the problem chains into four 
categories according to the end point of each chain (Appendix 2). When I look over all the 
problems in the problem chain, I found some problems are related to large scope of solutions 
like government policy or infrastructure. Therefore to find category that is most affected by 
design intervention, I marked with certain criteria. (Table 2) 
Table 2 Finding most influential problem 
As a result, among the four main categories, “missing the proper time of treatment” had the 
highest number of design intervention, and other categories’ solutions were usually related to 
infrastructure and systematic problems, e.g., device management systems, fair distribution of 
health workers, or better midwives. In the case of missing the time of treatment, it was found 
that this problem can be solved when pregnant women know what the problem is and how to 
cope with it. Finally, I redefined the five chains related to this problem as a design problem as 
follows. 
Problem statement: A design needs to be developed that helps mothers understand their health 
complications and cope appropriately in everyday circumstances during their pregnancies.
Problem chain 1 mark Problem chain 2 mark
? Distrust of unskilled medical staff ?????????????????? ??????????????????? ??
? Lack of equipment management personnel ?
? Difficulty in maintaining equipment ??
? Old and obsolete equipment ?
? Dissatisfied with poor quality care services
Terminal 
problem
Unprofessional reacting for emergency situation
Marking
??: Problem that can be solve with design intervention
??: Problem that can be solve with Government policy
??: Problem that can be solve with infrastructure improvement
Start 
problem
Low expertise of health 
personnel
?
Purchased or donated medical 
devices that do not consider 
users
?
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Concept development 
3.1 Design requirements       
3.2 Concept generation      
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4 
Concept development 
After deciding on a specific problem to address, I identified the main causes of the lack of 
maternal education in Morocco. Then, I set specifications following the requirements. Based 
on these findings, I generated a concept appropriate for the Moroccan context. In this stage, I 
met with one Moroccan student to obtain a detailed contextual insight. Then, I concluded 
with a detailed concept of including audio in educational material for pregnant woman in 
Morocco.
4.1 Design requirements 
Causes of the final problem 
Karlsen et al. (2011) defined the relationship between maternal education and maternal 
mortality. They found that lower maternal education is associated with higher maternal 
mortality. This means most developing countries have high maternal mortality. However, each 
country’s circumstances and conditions are quite different. Therefore, before the ideation 
process, I defined the reasons for missing proper times for treatment in Morocco with primary 
data.   
? Shortage of information 
Moroccan women do not have many chances to obtain various kinds of information. The only 
way they get information is through short verbal consultations with nurses. However, due to 
crowded health centers or hospitals, nurses and doctors cannot give patients enough time 
during appointments or deliver essential information. The most critical part of this situation is 
pregnant women’s improper reactions to the problematic situation. 
? High illiteracy rate and language difference 
Over 30% of Moroccan women are illiterate, and it is worse in rural areas (UNFPA, 2011). 
Illiterate women usually use verbal language, and this situation also interferes with their ability 
to read and understand various textual information. Moreover, Moroccan people use three 
languages (Moroccan Arabic, French, and Berber). Sometimes, this causes miscommunication 
between health workers and pregnant women. 
? Lack of material 
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Both nurses and midwives related that a lack of educational material for pregnant women is a 
problem. They have material from JICA that consisted of illustrations. However, to distribute 
and explain this, they had to hold classes for mothers, which are rare. 
? Absence of regular consultations or limited time for consultations 
Due to the shortage of information and distance from the health facilities, many mothers do 
not appear on regular consultation days. They need to visit health facilities at least four times 
during their pregnancies, but sometimes, pregnant woman do not know when they need to 
visit. If they do not attend check-ups, they will have complications later on.  
Based on these findings, I decided to develop educational material for pregnant women in 
Morocco and then define the requirements for the design of the educational material. 
Define specification 
I then defined the specifications following the design requirements and the specific context of 
Morocco. From specific problems I gathered from field research and literature review and these 
are related to final problem statement. 
? Accessible to all pregnant women in Morocco: The educational material should be 
distributed to people regardless of their living area and be suitable for every 
circumstance and condition. Therefore, I included voice information, support for 
different languages (more than two languages), visual information, and a changeable 
battery as essential specifications. 
? Continuous use: I observed in Morocco that many devices or materials are thrown 
away because of their uselessness or improper placement. When I considered the 
context for use of this material, people who will use it will be pregnant women, and 
pregnancy lasts for a limited period of time. Thus, I needed to consider how the 
material could be reusable rather than disposable, women’s acceptance of technology, 
and Moroccan women’s esthetic preference for feelings of care and satisfaction. These 
things can affect pregnant women’s will to use the material. 
? Intuitive use: Most of women in rural area do not have many chances to use 
electronic devices or materials. Thus, the material should be easy to learn and not 
have many steps for obtaining information. 
? Essential content: The content itself is also a very important part of this educational 
material. The material should contain essential information about women’s reactions 
to problematic situations, living behaviors and information about the next 
consultation.   
 24 
 
4.2 Concept generation 
Concept 
Then, I examined existing solutions to fulfill the requirements and specifications. First, Korean 
mothers get a pregnancy diary when they first visit an obstetric clinic. This diary contains 
detailed information about the pregnancy and delivery, including how to handle problematic 
situations, clinic visits, information related to proper nutrition, and how to exercise.
Specific problems Design requirements & specification
1. Accessible to all pregnant women in Morocco:
High illiteracy rate *Voice information
Language difference *Support for different languages (more than two languages)
Low education level of women *Language and content that mothers can understand
Health facilities decreasing to rural areas *Must be available in rural areas
2. Continuous use
Inappropriate arragement *It should be portable and easy to mount.
Waste of device *Be reusable
Difficulty in maintaining equipment *Easy maintenance and repair
Most Moroccan women prefer 
brilliant colors and especially 
like the shiny gold color
*Mother's favorite color and form
3. Intuitive use
Technology adaptation *Easy interface to learn how to use it all at once
Insufficient accessible information *It should be easy to use.
Difficulty in identifying the exact timing of 
pregnancy
*Provide information following pregnancy period
4. Essential content
Mother does not know when checkup is done *See the next regular checkup easily
Lack of information related to abnormal 
condition
*Women’s reactions to problematic situations
Lack of information related to living behavior *Living behaviors
Table 3 Define requirements and specification following specific problems
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However, this is all textual information. I needed something that delivered this information 
audibly. Then, I remembered that a great deal of educational material is usually delivered 
audibly to children. There are largely three types of audible educational materials: infrared pen 
recognition, sound bars, and sound pads. (Figure 13) Among these, I found sound pads to be 
the most adaptable concept for this project because a sound is made when a user pushes a fixed 
location on the book; thus, it is most intuitive way to obtain information and is easy to use. 
Therefore, I generated a concept that integrated pregnancy diaries and sound pads.  
Additional information 
After I decided on a concept, I met with a Moroccan woman who lived in Korea. She is 
doctoral student at ChungAng University and has lived in Korea for four years. First, I 
explained the concept I wanted to design and asked her opinion on it. Additionally, her friend 
in Morocco was a midwife, so she knew quite a lot about maternal health conditions in 
Morocco. I thus used her opinion and stories she had heard from her friend. (Appendix 3) 
Concept development 
In concept development, I decided which function elements and design elements should be 
adapted to the concept idea. This step needs consideration about Moroccan’s specific 
characteristic which can include all the environment of Morocco regardless of region, and 
educational level, technology accessibility, etc. As a result, certain elements are appeared as 
shown in Table 4.       
Figure 13 Various kind of sound material for kids 
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Table 4 Function and design elements 
Detail concept 
The concept of educational material for pregnant woman basically consists of two main parts. 
The first is a device that speaks the information, and the second is a pregnancy guidebook. 
When a woman has a question or complication, she can check the contents of the guidebook 
by inserting it into the device and push the button for each illustration. However, pregnancy 
only lasts 40 weeks, so this material is useful for only a certain amount of time. Therefore, 
health workers should give this device to pregnant women, and it should be returned after 
delivery. Then, other pregnant woman can use it for their pregnancies. This is an initial user 
scenario for the concept. (Figure 14)  
Moroccan people speak three languages. Therefore, this material is provided in multiple 
languages. The language can be set within the device, and the version of the guidebook also 
varies according to these three languages. In addition, an LCD panel on the device provides 
information for each week of pregnancy. 
Design requirements & specification Function elements Design elements
1. Accessible to all pregnant women in Morocco:
*Voice information
Speaker, So that voice information can
be immediately supported
*Support for different languages (more than two languages)
So that they can be produced in each of
three languages or include all languages
in one.
(If the second case) ? button or
switch for language switching
*Language and content that mothers can understand
Provide visual information along
with voice information
*Must be available in rural areas Powered by battery Placement of battery case
2. Continuous use
*It should be portable and easy to mount.
Arrangement of handles,
consideration of mounting type
*Be reusable
Separation of pregnancy guidebook
and device
How and where the guidebook
is detached
*Easy maintenance and repair Low technology
*Mother's favorite color and form
Considering color using turquoise,
gold, etc., considering form
according to product keyword
3. Intuitive use
*Easy interface to learn how to use it all at once Short procedures to get information
Enhance product intuitiveness by
using icons and pictures
*It should be easy to use. Short procedures to get information Minimize physical buttons and more
*Provide information following pregnancy period
So that information on the pregnancy
period, such as early, middle, and late,
can be provided immediately
4. Essential content
*See the next regular checkup easily
*Women’s reactions to problematic situations
*Living behaviors
Refer the contents constitution
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Name of project 
Based on the concept I generated, I named the project “Sonore.” Sonore is a French word 
meaning “sound.” In English, sound has two meanings. The noun form of the word means a 
thing that can be heard, and the adjective form means free from injury or disease.  
The main concept of this project is educational material for pregnant woman with sound. I 
also hope that, through this material, every pregnant woman has a safe and sound pregnancy. 
The reason why I translated “sound” in French is, as I explained before, that French is one of 
the general languages in Morocco.    
Figure 14 Using scenario 
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5 
Implementation 
 
5.1 Hardware and contents Implementation      
5.2 Prototyping  
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5 
Implementation 
Based on the concept I developed, I went into the implementation phase. I proceeded to work 
on the hardware design, the composition of the guidebook’s contents, and prototyping of the 
exterior and book almost simultaneously. I got advice from an obstetrics doctor when I created 
the contents. I outsourced the illustration of the book and the PCB fabrication to external 
experts. The exterior modeling and prototyping were done by myself, and in the case of the 
exterior prototyping, all of the processes from 3–D printing to painting were done in the 
UNIST workshop.  
5.1 Hardware and guidebook implementation 
Hardware design 
 Based on the design requirements and specifications, I went into the hardware design. First, 
the material can operate the right way when the book is integrated with the device. Therefore, 
the device’s design should also consider the size of book. I think A5 size will be a good size for 
the woman to handle, so I set the size of the pad part as A5 (148 * 210). Then I made a space 
that can contain other components in the upper and lower sides of the pad. When I consider 
this component’s function and size, there was not much of a transformation from a general 
pad’s shape and form. (Figure 15)  
After a simple sketch progress, I directly began the 3–D modeling. I used the program 
Solidworks. The components taken into account were the language transfer switch, the buttons 
below the pad, the power button, and the speaker. I progressed to this stage with prototyping 
to refer to the real size of the component I will use in the working prototyping process.    
Figure 15 Hardware sketch 
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For aesthetics, I wanted to consider the Moroccan women’s preferences and understand their 
context, so I gathered images which I took during my field research and pictures that show the 
general mood of Morocco. (Figure 16) I referred to colors and patterns in them.  
 
Figure 16 Image board 
Contents composition 
The contents of the pregnancy guidebook are also an important part of this project. For that, I 
got advice from an obstetrics doctor whom I met during my background research. She 
recommended that I refer to the pregnancy diary published by the Korean Ministry of Health 
and Welfare. It was written by many of professionals, and it is about maternal healthcare and 
includes all of the essential information about pregnancy. She also pointed out the most 
important information that should be included in the pregnancy guidebook. (Figure 17)  
 
 
 
Figure 17 Pregnancy diary for Korean pregnant woman 
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Based on this advice, I started to create the contents of the book. One side of the book will be 
attached with the device, and this side contains contents with various illustration related to 
essential information. The first page is about what things to do/not to do during pregnancy. 
The second page is about dangerous symptoms and ways of coping with complications. The 
third page is related to nutritional care, and the last page is about delivery symptoms and 
preparation. There is a speaker icon that leads women to push the fixed location of the button.  
(Figure 18)  
The other side of book is space in which health workers can write basic measurements like 
weight, blood pressure, and other simple comments. Pregnant women can also attach 
ultrasound pictures on it. (Figure 19)  
 
 
Figure 19 Basic information filling up page
Figure 18 Contents of pregnancy guidebook 
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5.2 Prototyping 
Functional part prototyping 
For functional prototyping, I first checked the existing sound pad products for children. I 
disassembled them all, and I found the principle of making sound of contents. A small, printed 
circuit board (PCB) and a membrane switch are the main parts of this product. (Figure 20) 
After disassembling each part, I needed to find the place where I could produce the same part 
with different contents. However, many of the workshops or related manufacturers that I 
visited said it would need much time and have a high cost. At that time, they recommended 
that I find developers who can control commonly used boards like Arduino and Raspberry Pi 
first then connect it with membrane switch I will make. I find a developer who had experience 
related to sound projects through the bulletin board of the AVR cafe 
(http://cafe.naver.com/carroty). Then many developers and workshops contacted to me, and I 
e–mailed them specific information about what I need to do. At last, I met one developer, and 
he said he could develop the program and make the PCB board within a week if I use a 
physical button. Therefore, I changed my plan of using membrane switch, and the project 
progressed. I communicated with him through e–mail, and he sent me the size of each part 
and the placement of the button. Then I modified the measurements of the 3–D model and 
arranged the speaker icon on the guidebook. One week later, I received the fully functional, 
battery-operated board. (Figure 21) This PCB has an external SD card slot, so if I put sound 
files in certain sequences in the SD card, then the PCB can recognize it.  
Figure 20 Disassemble existing product 
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Voice recording, which will be delivered through this functional PCB, was recorded with a 
Moroccan woman whom I met during the project definition process. She can speak both 
French and Moroccan Arabic. In this prototype, the Berber language is excluded because of its 
many limitations, so I gave her all of the contents in English, and then she translated them into 
French and Arabic words. The total number of contents is 36. She also translated all of the text 
in the guidebook. (Appendix 4) 
Book prototyping 
 In the case of book prototyping, it was hard to find a manufacturer that could make it in 
small amounts. Because the guidebook is only 4 pages, it needs some binding to be opened 
well. I searched for binding, and I saw that sewing binding is good for this, but usually it is 
done by mass production. Fortunately, I found a workshop that sews binding with a hand 
sewing machine. (Figure 22) The name of workshop is Pactory, and it is located in Seoul. 
Figure 21 PCB for functional prototype
Figure 22 Printing workshop (Left) and sewing binding (Right) 
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(https://www.facebook.com/Pactory/). Then I visited there, and they could make the binding 
within a few hours. (Figure 23)  
 Exterior prototyping 
The exterior prototyping was done in my school’s workshop. First, I made an exterior model 
which considered the PCB specifications and components with Solidworks, and I printed it 
with a SLA 3–D printer. In the case of the pad, it was too thin to print with the 3–D printer, 
so it was fabricated with CNC (Computer Numerical Control). It was also painted in the 
painting room. (Figure 25)  
However, during the painting process, I found some problems with the model. All of the 
assembled parts were considered, but the printing from SLA is quite weak in high temperatures, 
so there were some deformations. I failed to make first prototype model, but the second time, I 
finally completed the working prototype that was assembled with PCB. (Figure 26) 
 
Figure 23 Final book prototype
Figure 24 3D CAD modeling
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5.3 Evaluation 
Because of limited time and resources, I needed to postpone the user evaluations until the next 
time. Instead of user evaluations with pregnant Moroccan women, I showed my results to 
professionals I had met before and received feedback. I also had the chance to meet one foreign 
pregnant woman who came from Mongolia, which is another developing country in central 
Asia. She is the only one who evaluated this material. The others only saw an explanation video 
or presentation.  
? Obstetrics doctor 
I met her during my background research and guidebook implementation. As I explained, she 
has volunteered for over 10 years in India and Nepal. She usually went to isolated areas in 
those countries and saw many pregnant women’s malnutrition problems. Therefore, at first she 
had some negative opinions about my solution because she thought that if the nutrition 
problem is solved first, then there will be no problem with the baby’s delivery. However, she 
Figure 25 Exterior prototyping 
Figure 26 Final prototype 
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also agreed that the context of Morocco and the countries she went to is different, and if the 
Moroccan pregnant women’s nutrition problems are not as critical, then my solution will be 
helpful.   
? Branch manager of NGO in Morocco 
He is someone I met during my field research in Morocco. He was also one of my interviewees. 
He knows about maternal health conditions in Morocco, and he also started a maternal health 
project there to improve those conditions. When he first heard about my project’s concept, he 
said it is good as an initial stage of maternal health improvement. He added some opinions 
that it will be better if this material can be linked with the existing data system in Morocco to 
check pregnant women’s conditions or attendance in their consultations. After he saw the final 
result of the working prototype, he said very positively that it will be nice if it can be used in 
reality. 
? Mongolian pregnant woman 
She is a master student at UNIST, and this is her second baby. Her first baby was born in 
Mongolia. She said Mongol has similar problems to Morocco. The health services in public 
hospital are so poor that many mothers in rural areas cannot receive enough care, so she thinks 
this project will also helpful be in her country. Moreover, when she reflects on her experience 
in Korea as a foreign woman, even the obstetrics clinic for foreign pregnant woman did not 
have enough information in English. Except for obstetrics doctor, no one spoke English, and 
the text messages they sent along with other information were also in Korean. She said the 
project can be used by pregnant women who live in foreign countries.   
From this evaluation I heard various opinions upon this material about good and improvement 
point.  
Figure 27 Using scene of material with Mongolian woman
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Evaluation from problem I found 
Last evaluation is conducted with previous problem chain. I checked how many problems can 
be expected to solve. I see many of problems within “Missing proper timing of treatment” 
category. I cannot say this result absolutely shows the impact of Sonore. However I can see the 
result of project reflected many aspects from problems I found and this will be connected to 
the real world situations. (Table 5)   
Table 5 Check expected effect 
 
Problem chain 1 mark Problem chain 2 mark Problem chain 3 mark Problem chain 4 mark Problem chain 5 mark
? High illiteracy rate ? Difficulty in moving long distances Lack of maternal educational materials ? Mother does not know when checkup is done ? Main analytical tests are carried out from private facility
? Insufficient accessible information ? Mother does not come in on the regular check-up day ? Lack of maternal educational programs ? Mother does not come in on the regular check-up day ? Lack of finances ?
? Lack of information related to abnormal condition ? Lack of information related to abnormal condition ? Mothers do not perform any additional mandatory tests
? Lack of judgment on whether to visit public health centers ? Lack of judgment on whether to visit public health centers ?
? Lack of judgment on abnormal symptoms ? Lack of judgment on abnormal symptoms ?
? Do not visit if problems occur ? Do not visit if problems occur ?
Terminal 
problem
?Start problem Low level education of women ? Health facilities decreasing to rural areas ? No maternal educational materials available Oral delivery of the next appointment ? Lack of equipment
Missing proper timing of treatment
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6 
Discussion 
 
6.1 Discussion points 
6.2 Limitations 
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6 
Discussion 
6.1 Discussion points 
Impact of design
The first discussion point is about how much this material will affect maternal health in 
Morocco if it is developed. I need to consider how it will contribute to the health of many of 
mothers if it is not finished as a temporary school project. I think, first, this material must go 
through validation in Morocco and determine what will be needed to advance it more. Next, 
in the user scenario, I planned to supply it through health facilities. For that plan, cooperation 
from organizations or the government will be needed. Therefore, I must arrange a more 
detailed action plan and blueprint.      
Problem approach method
Some design problems are difficult to find and define one specific object. I experienced one of 
case of this. In the field research, I saw that there are more different and complex problems in 
maternal health than I thought. I found that they are connected as cause and effect and 
grouped them into problem chains. Some researchers already defined the design problems as 
interdependent and interactivity (Cross, 2005). Even though I knew about this fact, it was 
really hard to decide on one problem statement. I solved this by making a structure of 
problems. However, I could not find this method in any literature. Therefore, this method 
needs more evaluation and development for later use.  
Design for unexperienced context 
I had never been to Morocco, and I did not have any information about it before I did my 
field research. Even though I prepared for the field visit, there were more unexpected situations 
than I thought there would be. Therefore, understanding the target country’s circumstances 
and context is a basic step. Moreover, progressing the design process in a local site will be best 
for the result, but there are limitations related to financial and environmental resource for 
design prototyping. We need to consider in this case how we can overcome these limitations. 
In my project, I tried to overcome them by meeting Moroccan students in Korea and a foreign 
pregnant woman from another developing country. However, I think it was not enough.  
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6.2 Limitations 
Limitations on the field research 
I had an interview in Morocco with 5 people. The location and schedule of the field research  
was fixed in a very short time, so I did not recruit any interviewees beforehand. After I arrived, 
I recruited 5 people from all different positions with the cooperation of Glabalcare Morocco. 
Thanks to them, I heard about the various aspects related to maternal health care. However, 
one person per each position made it hard to approach each position in depth. The number of 
people was also too small to analyze the data.  
In the case of observation, taking photos and recording videos is not officially allowed without 
the permission of the government. Through partial allowance from the health workers in the 
health facilities, I made observations and took a limited range of photos. 
Limitations of evaluation 
This material’s first target user was a Moroccan pregnant woman who lives in a rural area. 
There were many things to check with actual users, but many limited conditions made it 
difficult. Limited conditions are mainly about oversea context that needs more time and 
resources for looking at details. If user evaluation available, I want to see how the women use 
this device and how much they can accept the contents of the material. Next, it would be 
much better if I could hear any opinions about the design from pregnant women during 
prototype process. The size of the device, the appearance preference, or shape of the design are 
important factors in the women’s continuous use, but this time I progressed without deep 
consideration.  
Limitations of validation 
The last limitation is about this design’s validity. In the case of my design, the validity is proven 
when it gives the real impact on maternal morbidity or mortality in Morocco. Therefore, it 
needs more time to validate whether I need to look at its usage in the real world. I could also 
hear professional opinions from people who are related to maternal health, but this time, I just 
briefly heard opinions from very few people, so I cannot fully validate its impact. 
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7 
Conclusion 
 
7.1 Project summary 
7.2 Expected contributions 
7.3 Future works  
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7 
Conclusion 
7.1 Project summary 
This project started from maternal health problems in developing countries. After I set the 
target country as Morocco, I got a chance to see the real conditions and environments behind 
the problems. The causes of the main problem are more complex than I expected, and it is 
hard to find a critical problem from it. From the analysis that defines the causality of the 
problem, I can see one problem to tackle as a design solution. As a result, many of problems 
around missing treatment times are connected with maternal education. Based on the 
consequence and design requirements I found, I developed maternal education material with 
sound and illustrated information. This material, Sonore, will have a positive impact on 
maternal health in Morocco.  
7.2 Expected contribution 
To mothers and health worker in Morocco  
The correlation between maternal education and the mother and baby’s health conditions is 
already defined in many of papers (Makoka & Masibo, 2015). WHO (2006) already made 
guidelines for antenatal care and suggested an antenatal care model for African countries. 
These guidelines also include activities about health education, advice, and counselling. 
However, until now, maternal education has been insufficient in many developing countries. 
The reason for this situation is a shortage of resources. I cannot find any adaptable material for 
women in developing countries, so usually the information is delivered verbally by health 
workers. In Morocco, even this verbal information is not delivered well because of many 
boundaries like the language differences, short time of the consultations, etc. Therefore, this 
design can activate maternal education during pregnancy, and it can give not only satisfaction 
to the mother and health worker but also a healthy delivery for both the mother and baby. In 
addition, its service flow that the way of certain period of device rent also expects to prevent 
waste of resources. 
For the people who want to design for other context 
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From this project, I mainly learned things about designing for people who live in other 
contexts. Especially during the field research, I met many differences and difficulties that I did 
not think about as I wrote the limitations.  
Moreover, the problems surrounding maternal health in developing countries are very complex 
and interdependent. Without a systematic analysis, it will be hard to find a solution that can 
have an impact in the real world. Even after defining the problem to solve, designing for 
developing countries needs to consider many things. The developing countries have specific 
requirements that other foreigners cannot easily predict, so the design also needs close and 
deep consideration.   
7.3 Future works 
Further study 
First, there are many more contextual insights to be found, and I think I will find them by 
visiting Morocco again. Therefore, to develop the material more and to identify the real impact, 
this material needs to be used by actual users.  
Additionally, based on points from my evaluations, I need to consider what will be the 
improvement point and check for the extended function. 
Further development 
For the completion of the working prototype, I used components without any thought about 
real production. However, the cost issue and the components themselves are also important 
factors for the device in low-resource settings. Therefore, I need to make a plan for the real 
production. 
Last, this material is required to enhance the contents. Within this project, I only created 
content related to the pregnancy period. However, many other pregnancy diaries contain 
information about the period after the pregnancy for the healthy care of the mothers. I think 
this information is also essential for preventing maternal morbidity, so the necessary contents 
will be reexamined. . 
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Appendices 
1. Interview questionnaires 
 
For pregnant woman 
? Healthcare environment 
1. Which place did you plan to give birth? 
2. How often do you visit clinic for obstetric care? (And what kind of care did you 
get? What do you think about that?) 
3. How long does it take to the clinic from your house? How do you get there? 
(What do you think about that?) 
4. What kind of care did you get from local clinic? 
1) Have you ever get medicine? 
2) Any diagnosis or treatment with medical devices 
5. Can you remember what kind of devices are used for your care? What’s your feeling 
when you get care with devices? 
6. What do you think about obstetric care in clinic?  
7. If you have any problem during pregnancy, where will you contact first? 
8. Could you tell me your knowledge about delivery and obstetric care? 
1) Where did you learn? 
2) Who deliver that knowledge to you?  
9. Before you willing to go to hospital or clinic, what kind of preparation do you have? 
10. Can you remind your experiences when you deliver your baby? 
11. Did you plan to visit clinic after giving birth? 
12. Could you share any wish to take care your health before and after giving birth 
in clinic? 
? Living environment 
1. What’s your main activity in you daily life? 
2. Could you tell me how do you take care your health during pregnancy in you 
home? 
(Traditional way or religious way) 
3. Is there any taboo when you have baby? 
4. Could you tell me your feeling when you just heard about pregnancy? 
5. What is the biggest difference after having baby? 
6. Are you familiar with mobile phone? How often do you use it? 
7. Who is the decision maker in your family? 
8. How do you manage nutrition? Do you know any food good for your health? 
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9. Is gender of baby important to you? 
For health workers or international volunteers 
? How long have you worked here? 
? How many mothers visit this clinic a day? How long do they have to wait? Are you 
busy all the time? 
? Obstetric care 
1. Do you have guideline to take care of pregnant women? (When pregnant women 
come to clinic, how do you take care them?) 
2. What kind of care do you give to the mothers? 
3. How do you inform to the mothers to visit clinic? 
4. In emergency situation of pregnant woman, is there any steps prepared for that? 
5. What kind of education did you get as health worker (Nurse, Midwife)? 
6. Is there any medicine prepared for obstetric care? 
7. Do you have special position for obstetric care? Or do you manage whole phase? 
8. Is there enough facilities for obstetric care? If it’s not, what kind of things need to be 
stuffed? 
9. Could you tell me your thinking about which stage of obstetric care is hardest 
or important part? 
? Medical devices 
1. What kind of medical devices or equipment are existed for obstetric care? 
2. How many devices you can use? 
3. When you learn about medical devices first time, did you have any thinking about it? 
Could you explain it to me? 
4. Are you familiar with digital devices? 
5. Have you ever feel any difficulties because of the language setting? Or is there any 
confusion point when you use it? For example, operation method or direction issues.  
6. How many devices are donated from oversea? / What do you think about 
donated devices? 
7. Could you share any experiences about breakdown device? How did you cope with 
that situation? 
8. Who is the decision m`aker for making purchase of medical devices? Do you know 
which point considered first? 
9. Do you have any wish about medical devices for obstetric care? 
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2. Problem chain and design intevention  
Problem
 chain 1
m
ark
Problem
 chain 2
m
ark
Problem
 chain 3
m
ark
Problem
 chain 4
m
ark
?
Lack of field experience of 
health workers
?
??????????????????????????????
????????
?
Lack of m
aternity facilities
??
?
The expertise of health workers 
goes down to rural areas
?
Lack of equipm
ent m
anagem
ent 
personnel
?
Lack of skilled m
idwives
??
?
Difficulty in m
aintaining 
equipm
ent
?
M
ove a long distance when 
giving birth
?
?
Donated equipm
ent not used
?
Lack of equipm
ent
Term
inal 
problem
Lack of com
m
unication 
between health facilities
?
Unprofessional reacting for em
ergency situation
The first work place for health 
workers is m
ainly rural areas
Start 
problem
?
Purchased or donated m
edical 
devices that do not consider 
users
?
G
ood quality m
edical facilities 
are all concentrated in urban 
areas.
??
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Problem
 chain 1
m
ark
Problem
 chain 2
m
ark
Problem
 chain 3
m
ark
Problem
 chain 4
m
ark
Problem
 chain 5
m
ark
?
High illiteracy rate
??
Difficulty in m
oving long 
distances
?
Lack of m
aternal educational 
m
aterials
?
M
other does not know when 
checkup is done
?
M
ain analytical tests are 
carried out from
 private 
facility
??
?
Insufficient accessible 
inform
ation
?
M
other does not com
e in on the 
regular check-up day
?
Lack of m
aternal educational 
program
s
?
M
other does not com
e in on the 
regular check-up day
??
Lack of finances
?
Lack of inform
ation related to 
abnorm
al condition
?
Lack of inform
ation related to 
abnorm
al condition
?
M
others do not perform
 any 
additional m
andatory tests
??
?
Lack of judgm
ent on whether to 
visit public health centers
?
Lack of judgm
ent on whether to 
visit public health centers
?
?
Lack of judgm
ent on abnorm
al 
sym
ptom
s
Lack of judgm
ent on abnorm
al 
sym
ptom
s
?
Do not visit if problem
s occur
??
Do not visit if problem
s occur
??
Term
inal 
problem
O
ral delivery of the next 
appointm
ent
?
Lack of equipm
ent
?
M
issing proper tim
ing of treatm
ent ?
Start 
problem
Low level education of wom
en
?
Health facilities decreasing to 
rural areas
?
No m
aternal educational 
m
aterials available
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P
roblem
 chain 1
m
ark
P
roblem
 chain 2
m
ark
?
D
istrust of unskilled m
edical 
staff
??????????????
?????
???????????
????????
??
?
Lack of equipm
ent m
anagem
ent 
personnel
?
?
D
ifficulty in m
aintaining 
equipm
ent
??
?
O
ld and obsolete equipm
ent
?
?
D
issatisfied w
ith poor quality 
care services
Term
inal 
problem
U
nprofessional reacting for em
ergency situation
S
tart 
problem
Low
 expertise of health 
personnel
?
P
urchased or donated m
edical 
devices that do not consider 
users
?
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P
roblem
 chain 1
m
ark
P
roblem
 chain 2
m
ark
P
roblem
 chain 3
m
ark
P
roblem
 chain 4
m
ark
?
D
ifficulty in identifying the exact 
tim
ing of pregnancy
??
?
??????????????????????????????
?????????????????
??
Long w
ait tim
e
??
Lack of professional 
consciousness of health w
orker
?
?
D
ifficulty in identifying the exact 
tim
ing of pregnancy
?
C
onsulting tim
e lim
ited on 
m
orning tim
e
?
H
ealth w
orker's low
 speciality
?
?
Lack of inform
ation that health 
w
orkers to m
ake enough 
diagnosis
?
M
others gathering at once
??
Lack of analytical skills by 
health w
orker on m
easured 
values and m
aternal conditions 
during screening
?
?
S
hort checkup tim
e
??
?
H
ealth personnel has short tim
e 
to m
ake a full diagnosis
??
Term
inal 
problem
Insufficient education for health 
personnel
?
Low
 quality of health care service
Lack of finances
?
M
others gathering at once
??
S
tart 
problem
Low
 education level of w
om
en
?
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3. Additional point for design requirements 
 
Communication 
- In the South, sometimes there is miscommunication between health workers and mothers because of 
language difference (Arabic – Berber) 
Young health worker 
- In case of young midwives, it is necessary for four years to work in suburban and rural areas (Difficulty 
in adapting to the environment) 
Important & essential 
- Because difficult terms are difficult to understand even if they are transmitted by voice, they are used to 
convey only important and essential information, rather than all the details. 
Diverse culture 
- Morocco has various languages and culture, so it needs to be easily applied and used anywhere. 
Colorful 
- Most Moroccan women prefer brilliant colors and especially like the shiny gold color 
New & attractive 
- In Morocco, everything about educational material is new and everyone will be interested. 
Illustration, Visual information 
- Visual effects seem to be important  / Moroccan paintings are mostly plain, so if you have a cute 
feeling like a Korean illustration, Moroccan women might prefer it 
Suburb area 
- The marriage and childbirth age is lowered toward the rural area (Around 17-19 years old) 
Easy explanation  
- 3 different languages (Arabic, Berber, French) 
Sharing culture 
- Moroccan women usually share their detailed experiences with their neighbors 
Old and wrong customs 
- There are incorrect customs, such as herbs that can cause danger during pregnancy 
Intuitive 
- They are very advanced technologies to the Moroccan people so it needs to be intuitive and ready to use 
How to use 
- Handbook to provide to health personnel is needed. Pray for them to tell their mother how to use it. 
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4. Translated pregnancy guidebook contents 
 
1st page 
To do : The things pregnant women should do  
les conseils que la femme enceinte doit suivre   
????????????????????? ????????? ???  
- Wear flat shoes 
Mettre des chaussures plates, les talons sont à éviter.  
???????????????????  
- Have enough sleep over 8 hours  
Il faut dormir au moins 8 heures par jours) 
?????????????? 8????????????????????
- Eat small amount of food many times rather than big amount of food at once 
Mangez plusieurs repas de petites quantités au lieu d’un grand repas  
??????????????????????????????????????????????????????????????  
- Regular simple exercise like walking 
Faites régulièrement de simples exercices, de préférence faites de la marche.  
?????? ????????????????????????? ????????????????????  
- Drinking 8-10 glasses of water a day  
Buvez de 8 à 10 verres d’eau par jour.  
?????? ?????????????????????????? 10???? 8??????????????  
Not to do: The things pregnant women should not do  
Ce que la femme enceinte doit absolument éviter  
?????????????????????? ????????????    
- Don’t lift heavy stuff and don’t stand up for a long time  
Ne soulevez pas de choses lourdes et ne restez pas debout pour longtemps.  
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??????????????????????????????????????????  
- Don’t drink alcohol and don’t smoke  
Ne fumez pas et ne buvez pas d’alcool  
????????????????????????  
- Be aware of herbs (Cinnamon, cloves, ginger, ras el hanout, garden cress)  
Evitez de prendre la cannelle, clous de girofle, gingembre, ras el hanout, Cresson alénois  
???????????????????????????????????????????????????????????????    
- When you catch a cold, do not take the pill right away  
Ne prenez pas de médicaments dès que vous sentez un début de rhume.  
????????????????????????????????????????????????  
- Avoiding salty food and too much spice addition  
Evitez les plats trop salés ou épicés.  
????????????????????????????????????????????  
 
2nd page 
Dangerous sign: If you have at least one of the sign below here, you need to contact to 
the health worker or visit nearest health center/hospital  
Les cas d’urgence ou vous devez contacter un medecin ou visiter l’hopital le plus proche  
???????? ?????????????????????????????????????????????????????????????????  
- When you have bleeding  
Cas de saignement  
????????????   
- Keep vomiting  
Cas de vomissement répétitif  
??????????????????  
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- Severe swollen (When you push it, it will take quite long to get back)  
Cas de gonflement sévère (si vous appuyez sur la zone gonflé ça prend du temps à se mettre 
en état normal)  
??????????????????????????????????????????????????????????????????????????   
-You can’t feel any fetal movement for a day after 20 weeks 
Cas d’absence de mouvements fœtaux pendant toute une journée après 20 semaines de 
grossesse 
?????????????? 20???????????????????????????????? ??????????????? 
- If you have severe stomachache (Abdominal pain)  
Cas de douleurs abdominales sévères  
??????????????????????????  
- When you feel hard to urinate 
Cas de difficulté à uriner  
????????????????   
- Severe headache and blurry vision  
Cas de maux de têtes douloureux et trouble de vision  
????? ??????????????????????????????????  
- When you have radical weight gain  
Un gain de poids radical  
????????????????????  
- If you have diarrhea for a day  
Cas d’une diarrhée pendant toute une journée  
???????????????????????????  
- When you have a fever and chill  
Cas de fièvre et froid  
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?????????????????????????????  
 
3rd page 
Nutrition care : You need to eat all these food everyday equally.  
Nutrition : vous devez manger équilibré chaque jour de chaque groupe alimentaire.  
????????????????????????????????????????????? ?????????????????????  
- First group : Fish, meat, egg, bean  
Goupe 1 : poisson, viande, oeufs, haricots  
???????????? ???????????????????  
- Second group : milk, dairy product (Butter, cheese, yogurt)  
If you don’t have allergy, it is good to drink a glass of milk a day until 19weeks and two glasses 
of milk after 20 weeks 
Groupe 2 : Lait et extraits ( beurre, fromage et yaourt)  
Si vous n’avez pas d’allergie au lait, il est préférable de boire un verre de lait par jour pendant 
les 19 premières semaines et deux verres de lait après la 20 ème semaine 
?????????? ????????????????????????????????
20????????????????? 2????????????????? 19????????????????????????????????????????????????????????
- Third group : Green vegetable  
Groupe 3 : les legumes verts (laitue, courgette, brocoli, choux, concombre etc.)  
??????????????????????????????? ???????? ???????????????????  
- Forth group : Other vegetable, fruits  
Groupe 4 : Autres légumes (tomate, carottes, oignon etc.) et fruits (pomme banana orange 
etc.)  
????????????????????????????????????????????????????????????????
- Fifth group : Bread, noodle, potatoes  
Groupe 5 : Pain, pattes et pommes de terre  
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?????????????????????????? 
 
4th page 
Sign of delivery : Before delivery you need to find out how will you get to the nearest 
delivery room and go there right away if you have these signs.  
Signes d’accouchement : vous devez savoir à l’avance le centre d’accouchement ou vous allez 
accoucher et comment vous allez vous y rendre. Allez immédiatement en cas de 
signes suivants :  
??????????????????????????????????????????????????????????????????????????????????????????????????????????
????????????????????????????????? 
- Some brown secretion or blood is appeared.  
Cas de sécrétions marrons, ou sang.  
?????????????????????????????? 
- Regular contraction and become stronger  
Contractions régulières qui deviennent intenses  
?????????????????????????????? ?????? ???????????????????? 
- Feeling of warm water running. Then just wear sanitary pad and visit hospital.  
Pertes d’eaux dans ce cas mettez une serviette hygiénique et allez directement à l‘hôpital  
????????????????????????????????????????????????????????????????????????????????  
Delivery preparation: You need to pack these stuff before your delivery  
Ce que vous devez préparer pour emporter avec vous à l’hôpital pour l’accouchement  
????????????? ?????????????????????????????? ???????????????????????????????? 
- light wear  
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Vêtements légers 
??????????
- baby blanket  
Une couverture pour le bébé 
?????????????????????
- Diapers 
Les couches 
?? ???
- baby wear  
Vêtements de bébé 
???????????
- Pregnancy record   
suivi de grossesse 
??????????????
List of words in the book 
First/second/third/forth visit  
Première visite / Deuxième visite / Troisième visite / quatrième visite
??????? ??????? / ??????????????? / ??????? ??????? / ????? ???????
Name / Weight / Next visit / Delivery due date 
Nom / Poids
???? / ?????
Prochaine visite / Date de l’accouchement 
??????????? / ???????????????
To do / Not to do 
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À Faire / À ne pas faire
????????????? / ???????????  
Dangerous signs / Nutrition 
Signes de danger 
???????????
Nutrition 
?????
Group 1-5  
Goupe 1 -5 
?????? 1-5
Signs of delivery 
Signes du début de l’accouchement 
????????????
Delivery preparation 
préparation à l’accouchement 
????????????????
Pregnant woman’s guide 
Guide de la femme enceinte 
??????????????????
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Executive Summary in Korean 
 
Sonore : Design for improving maternal health in Morocco 
???????? ???? ??? ????? ????? ?? ?????? ???? ??? ???? ????? ???????? ?????
???? ??? ??? ??? ???? ??? ????????????? ??????????? ???? ???? ??? ???? ????
??? ???? ???? ????????????? ???? ??? ????????? ?????? ???? ???????? ????
????????????????????????? ?
????? ??????? ???? ????? ????? ?? ????? ????? ??? ?????? ??? ???? ??? ???
?????????????????????????????????????????????????????????????????
????? ????? ??????? ???? ??? ??? ??? ??? ???? ??? ??? ?????? ??? ??????
???????????????????????????????? ?
?? ?????? ???? ???? ?????? ??? ??? ?????? ????? ??? ???? ????? ??? ?????
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???? ? ??? ??????? ?????? ?????? ????? ??? ??? ????? ??????????? ??????
?????????????????????????
?????? ??? ?? ???? ?????? ????? ????? ????? ????? ??? ??? ????? ???? ?????
?????? ??? ???? ????? ??????? ????? ??????? ??? ??? ????? ???? ???? ?????
??? ?? ?? ????? ?? ?????? ??? ??? ?? ???? ???? ??????? ?????? ????? ???? ?? ??
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